ABSTRACT -A new OECD test guideline 431 (TG431) for in vitro skin corrosion tests using human reconstructed skin models was adopted by OECD in 2004. TG431 defines the criteria for the general function and performance of applicable skin models. In order to confirm that the new reconstructed human epidermal model, LabCyte EPI-MODEL is applicable for the skin corrosion test according to TG431, the predictability and repeatability of the model for the skin corrosion test was evaluated. The test was performed according to the test protocol described in TG431. Based on the knowledge that LabCyte EPI-MODEL is an epidermal model as well as EpiDerm, we decided to adopt the the Epiderm prediction model of skin corrosion for the LabCyte EPI-MODEL, using twenty test chemicals (10 corrosive chemicals and 10 non-corrosive chemicals) in the 1 st stage. The prediction model results showed that the distinction of non-corrosion to corrosion corresponded perfectly. Therefore, it was judged that the prediction model of EpiDerm could be applied to the LabCyte EPI-MODEL. In the 2 nd stage, the repeatability of this test protocol with the LabCyte EPI-MODEL was examined using twelve chemicals (6 corrosive chemicals and 6 non-corrosive chemicals) that are described in TG431, and these results recognized a high repeatability and accurate predictability. It was concluded that LabCyte EPI-MODEL is applicable for the skin corrosive test protocol according to TG431.
INTRODUCTION
Several alternative methods were evaluated from 1996-1998 in the European Centre for the Validation of Alternative Methods (ECVAM) international validation study on in vitro tests for skin corrosion, and two assays were accepted as a full replacement of the in vivo procedure; the rat skin Transcutaneous Electrical Resistance (TER) assay based on measuring the electrical resistance in ex vivo rat skin and the EPISKIN assay using the reconstructed human epidermal model, EPISKIN (SkinEthics, Nice, France) (Fentem et al., 1998) . In 2000, the EpiDerm (MatTek, MA, USA) assay was successfully validated in an ECVAM "catch-up" validation study (Liebsch et al., 2000) . All three methods were finally incorporated into the EU and OECD Test Guidelines for the testing of dangerous substances, as OECD TG430 (TER assay) and OECD TG431 (human skin models) (OECD, 2004) .
To allow other skin models to be used for skin corrosion testing, TG431 defines general and functional model conditions that need to be evaluated before the skin models can be routinely used. Recently, the evaluation and the validation of other cultured skin models, such as RHE (Skinethic, Nice, France) and the Leiden reconstructed human epidermal model (Leiden University, Leiden, Netherlands) have been performed using common protocol according to TG431 (Kandárová et al., 2006; Ghalbzouri et al., 2008) .
In the present study, we investigated whether the LabCyte EPI-MODEL, a new in vitro reconstructed human epidermis model, produced by Japan Tissue Engineering Co., Ltd. (Aichi, Japan) was able to reliably identify skin corrosive and non-corrosive substances according to TG431, and evaluated whether it could therefore be a candidate for replacing in vivo skin corrosion testing with rabbits.
MATERIALS AND METHODS

Reconstructed cultured human epidermal model
The LabCyte EPI-MODEL is a new, commercially available reconstructed, cultured human epidermal model produced by Japan Tissue Engineering Co. Ltd. It consists of normal human epidermal keratinocytes whose biological origins are neonate foreskins. In order to expand human keratinocytes while maintaining their phenotype, they are cultured with 3T3-J2 cells as a feeder layer (Rheinwald and Green, 1975; Green, 1978) . Reconstruction of a cultured human epidermis is achieved by cultivating proliferating keratinocytes on an inert filter substrate (surface 0.3 cm 2 ) at the air-liquid interface for 13 days, with an optimized medium containing 5% fetal bovine serum. It constructs a multilayer structure consisting of a fully differentiated epithelium with features of the normal human epidermis, including a stratum corneum. The LabCyte EPI-MODEL is embedded in an agarose gel containing a nutrient solution without serum and shipped in 24-well plates at around 18°C.
Test chemicals
In the 1st stage, it was decided to adopt the EpiDerm skin corrosion prediction model for the LabCyte EPI-MODEL. The nineteen test chemicals used in the 1st stage were selected referring to the ECVAM skin corrosion validation studies (Fentem et al., 1998; Liebsch et al., 2000) and SkinEthic RHE (SkinEthic, France) "catch up validation study" (Kandárová et al., 2006) (Table 1) .
Next, in the 2nd stage, the test performance of the LabCyte EPI-MODEL skin corrosivity test was evaluated with regard to its predictability and repeatability. The 12 reference test chemicals (six non-irritants, six irritants) described as a requirement in TG431 are listed in Table 2 . 
Protocol for the skin corrosion test with the LabCyte EPI-MODEL
Upon receipt, the tissues were aseptically removed from the agarose transport medium, transferred into 24-well plates (BD Biosciences, San Jose, CA, USA) with the assay medium (0.5 ml) and incubated overnight (37°C, 5%, CO 2 , humidified atmosphere).
On the next day, the tissues were topically exposed to the test chemicals. Liquids (50 μl) were applied with a micropipette, and solids (50 mg) were applied from microtubes and moistened with 50 μl of sterile water. If necessary, the mixture was gently spread over the surface of the epidermis with a microspatula. Viscous liquids were applied using a cell-saver-type tip with a micropipette.
Each test chemical was applied to three tissues. In addition, three tissues serving as negative controls were treated with 50 μl of distilled water, and three tissues serving as positive controls were exposed to 8N of potassium hydroxide. After either 3 min or 60 min of exposure, each tissue was carefully rinsed with PBS (Invitrogen, Carlsbad, CA, USA) to remove any remaining test chemical from the surface. The blotted tissues were transferred to new wells of 24-well plates containing 0.5 ml of freshly prepared MTT medium (1 mg/ml; Dojindo Co., Kumamoto, Japan) for an MTT assay. Tissues were incubated for three hr (37°C, 5% CO 2 , humidified atmosphere) and were then transferred to microtubes containing 200-µl isopropanol, completely immersing the tissue. Formazan extraction was performed at room temperature and the tissues were allowed to stand overnight. Subsequently, 150-µl extracts were transferred to a 96-well plate. The optical density was measured at 570 nm and at 650 nm as a reference absorbance, with isopropanol as a blank.
The tissue viability was calculated as a percentage relative to the viability of the negative controls. The mean of the three values from identically treated tissues was used to classify a chemical according to the prediction model.
Skin corrosion prediction model
In this study, the EpiDerm test protocol (Liebsh et al., 2000) described in TG431 was directly applied to the LabCyte EPI-MODEL. The corrosivity potential of the test material was predicted from the mean tissue viabilities obtained after 3-min and 60-min exposures, and compared to the negative control tissues concurrently treated with distilled water (Table 3) .
RESULTS
First stage: assessment of the LabCyte EPI-MODEL performance in the skin corrosion test
The main objective of the 1st stage was to screen the performance and predictive ability of the LabCyte EPI-MODEL in the in vitro skin corrosion test, using the validated the EpiDerm test protocol. In this early phase, we decided to test chemicals which are known for their special skin corrosion properties, and can thus be used for evaluation of the model's quality, and of the predictive ability of the test. Twenty non-coded chemicals, covering diverse chemical groups with known corrosive potential, were evaluated. The experimental outcome is summarized in Table 4 . The results obtained with the LabCyte EPI-MODEL were perfectly correlated with the in vivo classification.
Second stage: assessment of the LabCyte EPI-MODEL performance in the skin irritation test
In the 2nd stage, three independent test runs with 12 test chemicals (using three tissues per time-point and chemical) were performed. According to the prediction model and classification described in Materials and Methods, 6 corrosive chemicals and 6 non-corrosive chemicals were completely classified by an in vitro corrosion test using the LabCyte EPI-MODEL (Table 5) . 2x2 contingency table statistics were used to determine sensitivity, specificity, positive and negative predictive value and accuracy (Table 6 ). When compared to the in vivo classification given in TG431, high sensitivity (100.0%) as well as high specificity (100.0%) was obtained. The overall accuracy of the method was 100.0%. It can, therefore, be concluded that the LabCyte EPI-MODEL provided excellent predictability of the corrosive potential for the 12 test chemicals in the skin corrosion assay.
DISCUSSION
LabCyte EPI-MODEL has already been characterized in terms of its tissue structure and lipid composition under light and electron microscopy (data not shown), its barrier function, its immunohistochemistry and the reduction of MTT assays (Katoh et al., 2009 ). In addition, its application to in-house skin irritation tests such as for screening 1 1,2-Diaminopropane C 1 13.1 ± 1.9 26.3 ± 7.3 C 2 12.6 ± 2.4 13.0 ± 4.1 C 3 9.7 ± 2.7 27.9 ± 3.4 C 2 Acrylic acid C 1 1.9 ± 1.6 0.5 ± 0.6 C 2 4.8 ± 5.0 1.1 ± 0.9 C 3 14.5 ± 5.5 0.9 ± 0.6 C Assessment of the LabCyte EPI-MODEL for skin corrosion tests levels has been examined. As no investigation had been carried out concerning whether the LabCyte EPI-MODEL could be applied to the common protocol of the skin corrosion test described in TG431, in this study we investigated the prediction performance for skin corrosion using the Labcyte EPI-MODEL according to this common protocol. The aim of the 1st stage study was to evaluate whether the commonly used Epiderm skin corrosion test protocols and the prediction model described in TG431 was applicable to the LabCyte EPI-MODEL. According to the test protocol, we tested 20 test chemicals selected from the ECVAM skin corrosion validation studies (Fentem et al., 1998; Liebsch et al., 2000) . The results obtained with the LabCyte EPI-MODEL were perfectly correlated with the in vivo classification. Therefore, it was judged that the test protocol and the prediction model of EpiDerm could be applied to the LabCyte EPI-MODEL.
In the 2nd stage, we confirmed the predictability and repeatability of the test protocol and prediction model with the LabCyte EPI-MODEL. Twelve test chemicals referred to in TG431 were applied to the LabCyte EPI-MODEL. From three independent runs with different batches of the LabCyte EPI-MODEL, results were obtained that perfectly correlated with the in vivo classification of the 12 test chemicals. The sensitivity, the specificity and the accuracy of the prediction model using the LabCyte EPI-MODEL are all 100%. The common protocol of the in vitro skin corrosion test is based on the experience that skin corrosion shows a high correlation with skin cytotoxicity induced by brief exposure of the skin barrier to a corrosive chemical (Perkins et al., 1996) . It was thought that high sensitivity, specificity and accuracy of the prediction model were shown in this study, because the common protocol of the in vitro skin corrosion test faithfully reproduces the in vivo phenomenon of generating the skin corrosion. From the above observation, it was concluded that the skin corrosion test prediction model using the LabCyte EPI-MODEL shows high predictability and repeatability.
No special limitations of the LabCyte EPI-MODEL skin corrosion test were identified in this study, except for the interference of some test chemicals with the MTT assay. In the set of 12 OECD reference chemicals, 2-tert buthylphenol interacted directly with MTT, because the viability after a 60 min exposure of 2-tert buthylphenol was higher than that after a 3 min exposure. But the prediction for the 2-tert buthylphenol was not affected by the results, since the chemicals were clearly predicted as corrosive. If the MTT inducer chemical classified as in vivo non-corrosion is predicted for an in vitro corrosion test, it might require the evaluation of a direct conversion of MTT using non-viable (freeze-killed) control tissues (Liebsch et al., 2000) It was concluded that the test protocol and the prediction model for skin corrosion using the LabCyte EPI-MODEL according to the common protocol meets the acceptance criteria described in TG431. As the next step, we regard it as indispensable to evaluate the reproducibility between laboratories in terms of the prediction performance for skin irritation, using the present methods and the LabCyte EPI-MODEL. 
